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Identification of Chromosomes in Plants using Standard Staining Techniques
L. Michael Hill, H.G.M. Jopson Professor of Biology, Emeritus
My purpose is to share my experience with counting chromosomes in the plant kingdom. It is
first structured to explain how the technique was done, and then there are a few pictures
which might help the reader to understand how the equipment was used. I hope that this
presentation will be of value to anyone willing to try it, from high school all the way to any
interested botanist with an interest in chromosome numbers. This information was once
available at my Website and was used successfully by other workers in the field. As I am retired
now, the Digital Commons forum is a place where information like this can be made available to
those with similar interests.
The Field Work
There are two phases to this kind of endeavor. The first would be the collection of a specimen
of interest to me. In most cases I would already know the identification of the taxon.
Otherwise it would be important for me to clearly identify the species before I remove it from
its habitat for study. The reason is that some plants are on various local and national
endangered species lists and should not be collected under any circumstance, including a
research purpose. Once this is addressed, the plant is taken up with a shovel or spade with
some of its native soil and taken to a greenhouse.
A herbarium specimen of the plant is taken if at all possible. This serves as a “voucher” for the
work done, as well as the correct identification of the species. This voucher specimen will back
up the publication of the chromosome number of the plant.
The Lab Work – root tips – cells in mitosis
The native soil is washed away exposing the root tips which probably are quite damaged at this
point. The specimen is potted with typical commercial soil. Several days go by before the plant
is acclimated to the greenhouse environment. Eventually new root tips grow and now are
ready for microscopic study in the lab.
Remove the plant from the pot to expose the root tips. Several can be removed with forceps
and placed into Carnoy’s fixative. This is a mixture of 3 parts 95% ethyl alcohol to 1-part glacial
acetic acid. The acetic acid kills the cells and the alcohol preserves them. Usually 15 minutes is
about as far as you go for the root tips to be in Carnoy’s. I just went ahead and worked with
these tips. If that was not possible, I placed the root tips in 70% ethyl alcohol and kept them in
the refrigerator. The longer these tips remain in Carnoy’s the greater the chance that the
chromosomes will lose their stainability. Plant tissue stored in 70% ethyl alcohol can last a few
years as long as you refresh the chemical contents on an annual basis.
Using forceps, the root tip is dissected into a drop of aceto-orcein which was placed on a clean
microscope slide. This stain is a 1% solution. 45 ml. of that solution is put into a dropping

bottle. Add 5 mls. Of 1 N hydrochloric acid to this mixture. This softens the cell walls of the
plant. The orcein is a special stain for the chromosomes.
Using a dissecting microscope, keep only the apical end of the tip and discard the rest. The
apical, or growth end is the very tip where mitotic cells are found. The microscope slide is then
passed over an alcohol flame to the point where the stain will bead on the slide. Take several
passes and let the stain heat slowly. You don’t want it to boil. This takes about a minute. Then
the slide is placed on a paper towel.
A clean cover slip is smeared with Mayers Albumen and gently warmed with several passes
over the alcohol flame until it is cooked onto the cover slip. The slide and the cover slip are
brought together in the following manner: the coverslip is placed over the stain, albumen-side
down. Bring the paper towel over the slide and firmly press the cover slip over the slide with
your thumb. This squashes the root tip material. Then the slide is passed over the alcohol
flame again in order to push loose cells into the albumen on the coverslip. Usually this means
the plant tissue is on the coverslip, not the slide.
You can scan the slide now under a phase contrast microscope, if possible. You can use oil
immersion if you want to get a closer look. This is the time to attempt to study the
chromosomes in whatever detail you require because the opportunity presents itself. The best
stages for counting chromosomes are metaphase and sometimes anaphase of mitosis. In
metaphase the chromosomes are all aggregated together at the center (equatorial plate) of the
cell. If one is fortunate to get a polar view, the chromosomes will all be spread out and you can
count them fairly easily. In counting it is best to go ahead and draw what you see and count
what you draw. Repeat the counting process in as many cells as you can and make sure the
drawing is accurate.
My research microscope contained a drawing tube. Back in the day this was also called a
Camera Lucida. The idea of the tube is that the image is reflected, by means of a prism,
through a tube and down on drawing paper. This allows you to trace over what you see as you
draw. Thus, you can draw to scale. The drawing tube was a feature which came with the
microscope NSF awarded to me by Grant back in 1981.
Now, it is important to make the slide permanent. Place the slide and coverslip combination
into a small square Coplin jar filled with 10% Acetic Acid. This will cause the coverslip to
separate from the slide. Hopefully the material is stuck to the coverslip, not the slide. The time
for this separation to happen is about 15 minutes. Don’t try to force them apart until 24 hours
go by. Either way, you have the coverslip to deal with, not the slide.
Using very fine forceps, place the coverslip into a 1:1 solution of Glacial Acidic Acid-95% ethyl
alcohol. This is done with the coverslip sitting in a small Wheaton dish containing that solution.
Wait about a minute and move the coverslip to the next dish which contains a 3:1 ratio of
alcohol to the acid. Wait a minute and transfer the coverslip to a third dish containing a 9:1

ratio of alcohol to acid. After a minute, run the coverslip through two more dishes containing
just the alcohol.
Now you are ready to bring coverslip and slide back together. The mountant you use is Euparal,
which is good for chromosome work. Make sure the slide is clean and place a drop of the
mountant onto the slide. Let the coverslip gently go down onto the Euparal mountant. Make
sure air bubbles are gone. Let sit for 24 hours and now you have a permanent slide. You can
keep them like this for years if you use a refrigerator.
Take time with this permanent slide to see if the material you originally studied is still there.
The drawing you make can be appended to the herbarium specimen of the voucher. If this
material is published, it probably needs to be sent to a research herbarium. I usually sent my
vouchers to either the Gray Herbarium at Harvard University or the herbarium at Virginia
Polytechnic Institute.
The Lab work – pollen mother cells – meiosis
Meiosis is the process where diploid cells are reduced to haploid in order to produce sperm and
egg. When these two unite in fertilization, the diploid number is reconstituted. You can learn
much from studying the meiotic chromosomes of plants. This happens usually when the
chromosomes pair with each other in Prophase I of meiosis. A variety of irregularities can occur
with the process that leads to a variety of conclusions about the genetic makeup of the species
of interest. This is particularly true with plant hybridization.
My very long experience with finding chromosomes in meiosis starts with the flower bud.
There is no process here. Just select buds that you hope contain cells in meiosis. Usually these
are very small way before flowers open up. The buds you select go into the Carnoy’s fixative.
After about 15 minutes you go into that bud with dissecting needles and separate out the
anthers. These can be stored in the 70% ethyl alcohol. These will be the tissues that you will
squash and take through the technique as outlined above. Obviously, you need to be familiar
with what cells look like when they are in meiosis. The chromosomes pair with each other in
Prophase I. If you can find these pairs and draw them, you just count the pairs, multiply by 2,
and that gives you the diploid number.
I am including a bibliography that contains papers that helped me to learn the technique, plus a
few of my own publications that were generated using this technique.
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